. The quantity of lineage-specific BMSCs is a reliable indicator of BMSC reserve. After an ischemic injury, such as myocardial infarction (MI) or unstable angina, or angioplastic balloon endothelial denudation, more EPCs are detected in the circulating blood [7] . The number of EPCs is associated with cardiovascular outcome [8] . Ischemia-initiated BMSC mobilization is a biological response towards stress, which improves the regeneration process of ischemic tissues [9, 10] . [11] . In these studies, BMSCs were either harvested by direct bone marrow aspiration or from the peripheral blood after granulocyte colony-stimulating factor (G-CSF)-mediated mobilization [12] .
Various clinical trials have reported the results of transplanting BMSCs for the treatment of cardiovascular diseases

One of the underlying assumptions is that BMSCs artificially mobilized by administration of G-CSF have similar functional repair capacities as those naturally mobilized after ischemic injuries. However, there are no data reporting potential differences in functional subtypes of BMSCs mobilized by the cytokine and ischemia. Understanding the difference is of great importance not only to the SC biology with regard to factors responsible for mobilizable subtypes of BMSCs, but also to the development of therapeutic strategies applied to the harvest of BMSCs for autologous transplantation in treating various diseases including MI. It should be noted that the therapeutic effects of the G-CSF are pleiotropic and non-SC associated benefits
to the myocardium could play a predominant role as well [13, 14] . In the current study, we used the baboon model to explore the potential differences in BMSC subtypes mobilized by ischemia or G-CSF, and their vascular functional characteristics.
Materials and methods
(see online supplement for more detailed description)
Study design
In order to observe BMSC mobilization by two different mechanisms, 10 animals were divided into two groups. One 
Animal treatments
A group of five baboons were injected subcutaneously with G-CSF (NEU-POGEN, Amgen Inc., Thousand Oaks, CA, USA) 100 g/kg/day daily for 2 days-regimen based on previous studies in human beings and animals [13] [14] [15] . The other five baboons were subjected to femoral artery ligation as described previously [16] . In brief, baboons were immobilized with ketamine (10 mg/kg, IM) and valium (5 mg, IV) [17, 18] . 
Endothelial progenitor cell colony-forming assay
Results
Effects of femoral artery ligation and G-CSF administration on blood leucocyte and platelet counts
Time-dependent changes in mobilized CD34؉
We 
Figure 1 shows time-dependent changes of circulating CD34ϩ cells in peripheral blood after femoral artery ligation and administration of G-CSF. Due to veterinary restriction, no blood was collected within 24 hrs after femoral artery ligation. Both G-CSF and artery ligation mobilized the CD34ϩ/CD45RAϪ cells starting from day 1 (G-CSF data available only) or 3 (first day of data for ligation (Fig. 1B). In baboons treated with G-CSF, the percentage of
CD34ϩ/CD45RAϪ cells reached a peak on day 3. In baboons subjected to artery ligation, the peak level also appeared at day 3, but the peak was half that induced by G-CSF. After both treatments, elevated levels were maintained to day 10 (and presumably beyond day 10). On the other hand, the peak mobilization of the CD34ϩ/CD45RAϩ appeared and peaked on day 1 for the G-CSF group (Fig. 1B) Figure III) . Only 4 of 15 colonies (26.7%) [19] , we found a cord-like structure at day 7 of the culture (Fig. 4A) . We continued to maintain the cultures under angiogenic conditions. After 4 weeks of culture, two tube-like structures were observed. As shown in Figure 4 , a cord-like structure grew predominantly in PBMNCs from arterial ligation mobilized samples. The structure became complex, with either two layers of cells (Fig. 4B) or multiple layers (Figs. 4C and D) . Branching points could also be found, indicating an important characteristic of EPCs (Fig. 4E) . These cells at this stage formed a capillary-like structure, apparent at a higher magnification with the lumen (Fig. 4F) (Fig. 4G) , while BMMNCs from G-CSF remained as cell aggregates or a cluster structure (Fig. 4H) Figure IVB ).
Fig. 1 Time-dependent changes in circulating CD34ϩ cells mobilized by femoral artery ligation or G-CSF administration. Freshly isolated PBMNCs were quantitatively evaluated by FACS analysis. (A) A representative FACS analysis including the gated CD34/CD45RA (A1), isotope control (A2), and a typical result for CD34ϩ/CD45RAϪ (A3). (B) Time-dependent changes of circulating CD34ϩ/CD45RAϪ (B1) and CD34ϩ/CD45RAϩ (B2) cells in peripheral blood after femoral artery ligation (gray) and administration of G-CSF (black). Due to veterinary restriction, no blood was collected in 24 hrs after the femoral artery ligation. Results are expressed as mean Ϯ S.D., and five baboons were studied in each group. Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
P < 0.05 between basal levels and day(s) after G-CSF administration.
␤
P < 0.05 between basal levels and day(s) after artery ligation. *P < 0.05 between artery ligation and G-CSF at day 3. † G-CSF treatment was given in these subjects by subcutaneous injection.
Table 2 Levels of cytokines in baboons either treated with femoral artery ligation or G-CSF injection
for the same culture period (up to 6 weeks). By immunocytochemistry, we found that these cells were stained positive for vWF with varied intensities among samples (online supplement Figure IV). The percentage of cells with positive vWF stains was significantly more in cells from baboons with artery ligation (online supplement Figure IV.A) than those from baboons with G-CSF treatment (online supplement
Cytokine measurement
We also measured the levels of 29 plasma cytokines in these baboons receiving different treatments using Lincoplex immunobeads. As shown in Table 2 [13, 14] . This elevation is accompanied by decreased platelet counts [20] , which could be the result of direct G-CSF [22] , protective effects were reported in other studies [13, 14] . These protective effects could be independent of BMSC mobilization, such as via direct binding between the G-CSF and G-CSF receptors on cardiomyocytes, thereby promoting cell survival [13, 14] .
representative image is presented (bottom panel). (B) A representative FACS histogram for the binding of UEA-1 binding on PBMNCs after 14 days of culture from baboons with artery ligation (B1) and baboons with G-CSF administration (B2). Mature ECs as positive control (B3
Comparison 
